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I
Synopsis


Diabetes is a disease of great concern to many all over the world and is characterized by its complications such as diabetic neuropathy, retinopathy and nephropathy. Diabetic nephropathy leading to kidney damage is one of the serious concerns and has aroused lot of research interest. During diabetic nephropathy changes in glomerular basement membrane (GBM) are known to take place making the glomeruli thicker. The structure and composition of GBM is of importance for its function as filtration barrier in the glomerulus. The glomerular filtration matrix, which is essential for normal filtration to take place is formed of heparan sulphate, type IV collagen and laminin. During diabetes thickening of GBM is known to take place due to reduction in heparan sulfate and laminin and accumulation of type IV collagen leading to abnormal filtration.  

Dietary management of diabetes is now well established to be one of the means in the management of diabetes. In this category, dietary fibers and foods rich in dietary fibers are well accepted to have beneficial functions in the management of diabetes. But there are not many scientific investigations on the role of these dietary fibers in minimizing complications of diabetes, such as diabetic nephropathy. In recent years, fermentation of dietary fibers to short chain fatty acids (SCFA), such as acetate, propionate and butyrate is being increasingly recognized to play beneficial functions in normal physiological condition and also in alleviating pathological conditions such as cancer, diabetes, etc. Our laboratory has shown that butyric acid ameliorates diabetic and diabetic nephropathy state. 
Among the foods that possess beneficial effects on diabetes, dietary fiber rich foods are one of the important classes.  Spent turmeric, a by-product of turmeric industry is one of the rich sources of dietary fibers. Hence,  one of the objectives was to study the effects of dietary fiber rich food, spent turmeric, a by-product of curcumin industry, on diabetic and diabetic nephropathy state with particular emphasis on glycoconjugate metabolism in glomerular basement membrane.   

The thesis contains four chapters. Chapter I; Introduction, II; Materials and Methods, III; Results and Discussion along with Summary and Conclusions; IV Common Bibliography. Results and Discussion of the thesis presented in Chapter II is divided into three subsections. Section 3.1 deals with studies on the role of spent turmeric on diabetic status in streptozotocin induced diabetic rats and summary and conclusions of this section are presented in 3.1.1. The section 3.2 is divided into two subsections. Section 3.2.a deals with studies on the role of Emblica officinalis on diabetic status in streptozotocin induced diabetic rats and section 3.2.b.  deals with chemical and biological studies on the polysaccharides of Emblica officinalis. Summary and conclusions of these two subsections (3.2.a and 3.2.b) are presented in section 3.2.1. The studies carried out on phenolic acids of Curcuma longa and Emblica officinalis is presented in section 3.3 and its summary and conclusions are presented in sections 3.3.1.

Chapter I: Consists of general introduction on diabetes, complications of diabetes such as diabetic nephropathy, nutritional management of diabetes and biological activity of polysaccharides are provided with proper literature citation. At the end, scope of the present study is given.

Chapter II: This chapter deals with Materials and Methods that are employed in this investigation. Colorimetric, spectroscopic, microscopic, analytical methods, isolation procedures, methods employed in structural analysis and histopathological methods are detailed.

Chapter III: In this chapter results obtained are discussed with appropriate literature citations. Section 3.1 deals with effect of spent turmeric in streptozotocin induced diabetic rats. Spent turmeric is used as a rich source of dietary fiber. Water intake, urine sugar, urine volume, fasting blood sugar were increased during diabetes in the starch fed diabetic group (SFD) and these were alleviated to different extents by feeding spent turmeric (TFD). Diet intake in the spent turmeric fed group was more and could be due to caloric dilution and palatability. Decreased body weight in the starch fed diabetic group was augmented by spent turmeric (TFD) feeding.

Activities of disaccharidases such as maltase, sucrase and lactase were increased in the intestine and decreased in the kidney during diabetes when compared to controls and these enzyme activities were alleviated in spent turmeric fed diabetic group.

Glomerular filtration rate (GFR) was tested in terms of creatinine clearance. Weight of the kidney and size of the glomeruli were increased in the starch fed diabetic group (SFD) and the feeding of spent turmeric ameliorated them.

Weights of various organs (expressed as g/100g body weight) such as liver, spleen, lungs, brain, heart and testis were increased to different extents during diabetes and was prevented by feeding spent turmeric in the diet. Effect of spent turmeric on glycoconjugate constituents in different tissues were analysed in terms of total sugar, uronic acid, amino sugar, sulfate and proteins and these were ameliorated to different extents by the feeding of spent turmeric. Not much effect was observed in the sulfate content in kidney. Protein content was decreased during diabetes and was prevented by the feeding of spent turmeric to some extent. 

Glycosaminoglycans (GAGs) were isolated from different organs and their content was decreased in the starch fed diabetic group (SFD) and was ameliorated by the feeding of spent turmeric in the diet. Constituents of GAGs such as total sugar, uronic acid, aminosugars and sulfate were decreased during diabetes and they were alleviated in the spent turmeric fed diabetic group (TFD).

Effect of spent turmeric on some of the enzymes of glycoconjugate metabolism like L-glutamine fructose-6-phosphate amino transferase (GFAT), N-acetyl--glucosamindase (NAG) and -glucuronidase in kidney were studied. The activities of GFAT, N-acetyl--glucosaminidase increased during diabetes and was ameliorated by the feeding of spent turmeric. There was no significant change in -glucuronidase activity during diabetes.

Since the major emphasis was to study changes in glomerular basement membrane during diabetic nephropathy state, an attempt was made to study in depth, the role of spent turmeric in minimizing the complications of diabetic nephropathy state with particular emphasis on glycoconjugate metabolism. Hence GAGs were isolated from the kidney and the contents of GAGs were analysed.  In the starch fed diabetic group (SFD) the content of GAGs was decreased and was ameliorated by feeding spent turmeric (TFD). Total sugar, uronic acid and amino sugar contents decreased during diabetes and spent turmeric feeding prevented the decreased contents. The decrease in sulfate content indicated decrease in sulfated GAGs and it was ameliorated by the feeding of spent turmeric diet. Further total GAGs were fractionated into heparan sulfate and chondroitin sulfate using chondroitinase ABC. Analysis of this fraction clearly indicated that heparan sulfate was the major GAG in GBM. Results indicated that during diabetes, heparan sulfate content decreased and the feeding of spent turmeric in the diet ameliorated it. This was further confirmed by agarose gel electrophoresis. The electrophoretic pattern revealed the presence of heparan sulfate as the predominant GAG and chondroitin sulfate was in minor amounts. The results clearly indicated a decrease in heparan sulfate content during diabetes and was alleviated in spent turmeric fed diabetic group.

Histopathological studies of kidney sections was carried-out by a combination of alcian blue and Periodic Acid Schiffs (PAS) staining. Alcian blue stains glycosaminoglycans, which is blue in color and was positive in control kidney sections. Trace intensity of pink color was observed due to PAS stain. PAS positive glycoproteins were elevated during diabetes and there was alleviation in spent turmeric fed diabetic group. The observed alterations due to Alcian blue-PAS stain during diabetes was alleviated by the feeding of spent turmeric during diabetes.

Immunohistochemsitry was done with primary antibody for type IV collagen and secondary antibody tagged with FITC. The results clearly indicated increased content of type IV collagen during diabetes, which was ameliorated during diabetes by the feeding of spent turmeric. The changes in type IV collagen were further confirmed by estimating the content of hydroxyproline and was estimated as a measure of type IV collagen. Our studies clearly showed that the content of type IV collagen increased during diabetes (SFD) and was modulated by the feeding of spent turmeric (TFD). This clearly depicted that spent turmeric has beneficial effect in countering diabetic nephropathy status that occurs in the glomerular basement membrane with particular emphasis on heparan sulfate and type IV collagen. Section 3.1.1 contains summary and conclusion of this section.

The other food material studied for the effect on diabetes and diabetic nephropathy status was Emblica officinalis. Many Ayurvedic preparations use Emblica officinalis in many of the ailments such as cancer, immunomodulatory disorders, atherosclerotic, including diabetes.

Section 3.2 is subdivided into “a” and “b” sub-sections. 3.2.a deals with Results and Discussion of the studies on the role of Emblica officinalis on diabetic status in streptozotocin induced diabetic rats. 

Diabetes was induced in rats using streptozotocin and the rats were grouped into starch fed control and diabetic (SFC/SFD), Emblica officinalis fed control and diabetic (EFC/EFD). The rats fed with Emblica officinalis at 1.0% level developed diarrhea with in 3 days and hence the experiment was terminated. The 0.5% Emblica officinalis fed diabetic group (SFD) showed increased diet intake and loss of body weight when compared to starch fed diabetic group (SFD). Urine sugar, urine volume, fasting blood glucose and glomerular filtration rate were increased in Emblica officinalis fed diabetic group (EFD) when compared to starch fed diabetic group (SFD) and hence Emblica officinalis did not shown beneficial effects at 0.5% concentration on diabetic and diabetic nephropathy status. At lower concentration of Emblica officinalis i.e. 0.1% and 0.025% levels also no significant alleviations in the diet intake and body weight were observed when compared to control and diabetic groups. No beneficial effects were observed in terms of urine sugar, urine volume, water intake, fasting blood glucose and glomerular filtration rate by the feeding of Emblica officinalis during diabetes when compared to starch fed diabetic group.

Sections 3.2.b deals with chemical and biological studies on the polysaccharides of Emblica officinalis. 

Since no beneficial effects were observed by Emblica officinalis at 1.0, 0.5, 0.1, and 0.025% concentrations on diabetic and diabetic nephropathy state, an attempt was made to study the polysaccharides present in Emblica officinalis, if they have any biological functions and then study chemical nature of such polysaccharides. Various polysaccharides were isolated from Emblica officinalis such as water soluble, pectic polysaccharide, hemicellulose A and hemicellulose B and were analyzed for the carbohydrate composition, antioxidant activity and wound healing activity. Pectic polysaccharide showed potential antioxidant activity and wound healing property.

The pectic polysaccharides isolated from Emblica officinalis was fractionated on DEAE-cellulose and the column was eluted with water, ammonium carbonate (0.1 to 0.5 M) and alkali (0.1,0.2 M) and checked for the antioxidant activity. The fraction eluted with 0.2 M ammonium carbonate showed good antioxidant activity. Carbohydrate composition of DEAE eluted fractions was studied. The 0.2 M ammonium carbonate eluted fraction had 37% of uronic acid and 51% was galactose and contained trace amounts of arabinose and xylose. Since, 0.2 M Ammonium Carbonate eluted Fractions (ACF) showed good antioxidant activity it was taken for detailed investigation. Homogeneity criteria and molecular weight determinations were done with cellulose acetate electrophoresis, HPLC and Sepharose CL-4B column chromatography. Purity and molecular weight were found to be 96% and 55 Kda, respectively. The purified pectic polysaccharide (ACF) was subjected to structural analysis using methylation anlysis, GC-MS, Smith degradation, periodate oxidation, formic acid release, optical rotation, FT-IR and NMR. By combination of these structural studies, the ACF having potential antioxidant activity was found to have galacturonic acid backbone in -1,4 linkages with branches through O-6. The branches had galactose, arabinose and rhamnose. Galactose was the terminal sugar. Section 3.2.1 deals with summary and conclusions of 3.2.a  and 3.2.b.

Section 3.3 deals with content of free and bound phenolics of Emblica officinalis and Curcuma longa and their antioxidant activity was studied using reducing power ability, free radical scavenging activity and DNA damage. Results clearly showed that phenolics of Emblica officinalis have better antioxidant activity when compared to phenolics of Curcuma longa.

Separation and identification of free and bound phenolics of Emblica officinalis and Curcuma longa was done using HPLC.

Section 3.3.1 deals with summary and conclusions of 3.3. 

Chapter IV: Finally the thesis concludes with a collective bibliography citation for all the chapters.
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